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Scheme 1-1 Conventional polymerization methods for conjugated polymers: 






















Scheme 1-2 Yamamoto polymerization 
 
 


















より ① 反応ステップ数とそれに伴うコストの増加、②原子効率の低下と脱離成分の除去の問題、③ 高
反応性の原料が人体、環境に与える影響、あるいは安定性が低く取り扱いが難しい点、などが指摘され























直接的アリール化反応を重合反応に応用した最初の報告例はMarc Lemaire らのグループが 1999年に
発表した Pd 触媒を用いた 2-Iodo-3-alkylthiophene の重縮合による Poly(3-alkylthiophene) (P3AT)の合成で
ある(Scheme 1-5a)[11a]。この時点では分子量、構造制御共に不十分であったが、後の 2010年に Fumiyuki 









Scheme 1-5 Synthesis of P3AT via direct arylation polycondensation 
 
 





































ーの合成が報告されている(Figure 1-3)。2014年に、Yongsheng Chen らは、C-H 活性可能のある電子アク












事例として、完全なクロスカップリング重縮合反応では無いものの、Barry C. Thompsonらは 2016年に
3-hexylesterlthiophene の酸化型直接的アリール化重縮合を報告している。この反応では反応条件によっ






























ような観点から C-H 結合を直接反応点に用いてカップリング反応を行うことのできる C-H 直接官能基
化反応を利用した共役高分子合成法が盛んに研究され、高い評価を受けている。 





第 1 の方策では直接的アリール化重縮合反応とカップリングパートナーである C-Br 結合の事前調製
段階をワンポット化した新しい共役高分子合成技術の開発を行う(Scheme 1-10)。この手法では反応点が
C-H 結合となるモノマーを順次系中へ導入するプロセスとなるため、形式上 2つの異なる C-H 結合を反
応点とした重合法となる。直接的アリール化重縮合と比較すると、ハロゲン化合物の単離精製にかかる
試薬やエネルギーを節約することができる。この合成手法の詳細は本論文の 2 章にて述べる。 
 
第 1方策： 連続的な臭素化－直接的アリール化反応に基づく共役高分子のワンポット合成 
 






C-H 結合とビニル基の C-H 結合は環境が異なるため、反応の選択性を出しやすいと考えた。脱水素型直
接的アルケニル化重縮合反応が開発できれば単純な芳香環化合物とジビニル芳香族化合物からポリア
リーレンビニレン型の共役高分子を合成できる。反応触媒としてRh錯体を用いた反応開発を第 3章に、
Pd 触媒を用いたものを第 4 章にそれぞれまとめた。 
 
第 2方策： 脱水素型直接的アルケニル化反応によるポリアリーレンビニレンの合成 
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F8 の 2位と 7位において臭素化反応が選択的かつほぼ定量的に進行することを確かめた(Scheme 2-3)。 
 
 
Scheme 2-2 Bromination reaction using BTMA Br3 
 
 




い て 高 い 反 応 性 を 示 す ア ク セ プ タ ー 系 の 芳 香 族 化 合 物 と し て 知 ら れ て い る
5-Octylthieno[3,4-c]pyrrole-4,6-dione (TPD)を採用した(Table 2-1)。既報の直接的アリール化重縮合反応の
条件にて重合を行ったところ、分子量 120,000の Polymer 2-1を収率 96%で得た(Entry 1)[5f]。ここに一般
的に広く用いられている臭素化剤であるN-Bromosuccinimide[8]の反応副生成物である Succinimideを加え
て重合を行ったところ、反応が阻害されポリマーを得ることができなかった(Entry 2)。一方、本研究で








Table 2-1. Results of direct arylation polycondensation of 2,7-dibromo-9,9-dioctylfluorene with TPD 









Entry Additive (equiv.) Reaction time 










1 - 24 96 129200 2.60 
2 Succinimide (2.0) 24 (240) 0 (0) - - 
3 BTMA Br (2.0) 24 95 89500 2.32 
4 BTMA Br (2.0) / ZnCl2 (2.5) 48 95 50500 2.33 
a
 Reactions were carried out at 100 °C in toluene (2.5 mL) for 0.50 mmol scale using Pd(OAc)2 (8 
mol%), PCy3 (16 mol%), PivOH (30 mol%) and Cs2CO3 (4 equiv.). 
b
 The products were obtained by 
reprecipitation from CHCl3/CH3OH. 
c
 Estimated by GPC calibrated on polystyrene standards. 
 
そこで実際に、F8の臭素化反応と連続して、TPDを相手基質として直接的アリール化反応を行った。
この結果、分子量 34,500の Polymer 2-1を、収率 80%で得た(Scheme 2-4a)。 
連続反応で得られたポリマーは NMRおよびMALDI-TOF-MS によって構造解析を行った。Figure 2-1a
に連続反応で得られた Polymer 2-1 の 1H NMR スペクトルおよび比較として Figure 2-1b に単離した




ンが導入された構造と一致する m/z値が得られた(Figure 2-3)。 
この合成手法は相手基質に 2,2',3,3',5,5',6,6'-Octafluorobiphenyl (OFB)を用いた場合にも適用でき、分子
量 25,200の Polymer 2-2を収率 81%で得た(Scheme 2-4b)。Polymer 2-2においても 1H NMR (Figure 2-4)、
19







Scheme 2-4 Synthesis of conjugated polymers via sequential bromination of F8 and direct arylation 















H} NMR spectrum of Polymers 2-1 
 
 





















H} NMR spectrum of Polymers 2-2. 
 










役高分子が合成できる。始めに 10-(2-Octyldodecyl)phenothiazine (PTZ)と 4,4'-Didodecyl-2,2'-bithiophene 
(BT)の BTMA Br3による臭素化反応を確認した(Scheme 2-5)。PTZと BTは電子豊富な芳香環であるため、
臭素化反応も進行しやすくなる。よって、これらの反応の際には臭素化反応の活性を高める塩化亜鉛は












結果は Table 2-2にまとめた。Entry 1~4のモノマーの組み合わせで Polymer 2-3 ~ 2-6のポリマーを得る
ことができた。いずれも良い収率、分子量で目的物が得られている。得られたポリマーは NMRおよび






Table 2-2. Sequential bromination and direct arylation polycondensation starting with electron rich 
heteroaromatic compounds 
 







1 PTZ TPD Polymer 2-3 91 15.0 1.8 
2 PTZ OFB Polymer 2-4 72 15.3 1.7 







4 BT OFB Polymer 2-6 66 21.6 1.5 
a
 The products were obtained by reprecipitation from chloroform / methanol. 
b 
Estimated by GPC calibrated with 




eluent at 40 °C. 
c 
The product was obtained by reprecipitation from 
o-dichlorobenzene (100 °C) / methanol. 
d
 Estimated by GPC calibrated with polystyrene standards using 
o-dichlorobenzene as an
 








































































































































































Peak 6 Peak 7 Peak 8 
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2.4 3-ヘキシルチオフェンを出発原料としたポリ 3-ヘキシルチオフェンの合成 
連続的な臭素化反応－直接的アリール化重縮合による共役高分子の合成手法を非対称な A-B 型のモ
ノマーの重縮合反応へ応用するために、3-Hexylthiophene (3-HT)を出発原料とした Poly(3-hexylthiophene) 
(P3HT)
[10]の合成を試みた。始めに 3-HT の臭素化反応を検討した(Table 2-3)。連続反応の実績のある
BTMA Br3を臭素化剤に用いて反応を行ったところ、目的とする 2-Bromo-3-hexylthiophene (2-Br-3HT)の




Tetrabutylammonium tribromide (TBA Br3)
[11]を臭素化剤に用いたところ、18時間反応させることにより目
的の 2Br-3HT の収率は 96%まで向上し、副反応の割合が 2.1%まで低下した。そこでこの TBA Br3を臭
素化剤として採用することとした。 
 
Table 2-3. Bromination of 3-hexylthiophene
 
 
Entry Brominating reagent Time (h) Yield (%)
a
 
1 BTMA Br3 4 90 (5.0)
b
 




 Determined by 
1
H NMR spectroscopy. 
b 
The numbers in parentheses 





リール化重縮合とは異なる反応条件での反応が必要となる[5a]。そこで既報の 2-Br-3HT から P3HT を直
接的アリール化重縮合により合成する反応条件の中でも効率の高い二種類の既報の反応条件を候補と
して選定した。まず、臭素化反応の副生成物である TBA Br の共存下で P3HT の合成を試みた(Scheme 
2-6)




の条件で H-T 率の高い P3HTが比較的良好な収率および分子量で得られることが分かった。 
続いて実際に 3-HTの臭素化反応と連続して直接的アリール化重縮合を行った(Scheme 2-7)。この結果、
収率 88%で分子量 19,800、H-T率 93%の P3HTを得た。H-T率を含む構造は既報の構造解析を参考にNMR
により確認を行った[13](Figure 2-22)。 
モデル重合と比較して H-T 率が若干低下した。これは臭素化反応が完全には制御されていないことが原
因であると考えられる。しかし、これまでに報告されている、3HT から直接 P3HT を合成する手法と比







Scheme 2-6 Direct arylation polycondensation of 2-bromo-3-hexylthiophene in the presence of TBA Br under 
representative (a) Ozawa’s and (b) Thompson’s conditions.  
 
 
Table 2-3. Direct arylation polycondensation of 2-bromo-3-hexylthiophene in the presence of TBA Br 
 









1 0.10 0.10 144 46 5.7 1.7 93 
2 0.50 0.10 48 71 12.9 1.9 93 
3 0.10 0.50 96 80 10.9 1.6 95 
a
 The products were obtained by reprecipitation from chloroform / methanol. 
b 
Estimated by GPC calibrated 




eluent at 40 °C. 
c
 Estimated by 
1



































始めに得られたポリマーの光学特性を評価した。Polymer 2-1 ~ 2-6, P3HTの薄膜の UV-vis吸収スペク
トルを Figure 2-23に示す。連続的な臭素化－直接的アリール化重縮合にて 300 nmから 600 nmまで幅広
い領域でそれぞれ吸収を持つ多様なポリマーの合成に成功したと言える。OFB を導入した Polymer 2-2, 








したため(λmax = 608 nm, quantum yield (φ) = 18%, excited at 450 nm)、有機発光ダイオード素子(OLED)の作
成を行った。素子構成は(ITO/PEDOT:PSS/light emitting Polymer 1 layer/electron transporting (hole blocking) 
TPBi layer/LiF/Al)とした。薄膜の蛍光スペクトルとエレクトロルミネッセンススペクトルを Figure 2-24
に示す。それぞれのスペクトルは非常に良い一致を示した。発光色の CIE色度座標は x = 0.61, y = 0.39
となり、色純度の高いオレンジ色となった。電流密度 対 輝度のグラフを Figure 2-25に示す。電流密度
250 mA/cm
2の時点で 2510 cd/m2の輝度を示し 1000 cd/m2を越える強い輝度を得ることができた。また外
部量子収率は 23 mA/cm2の時点で最大となり、0.84%を記録した。この OLED の素子性能は文献で報告
されている同様のフェノチアジン誘導体を用いたものと比較しても高い性能であることが確認された
[9e-9h]。 
続いて比較的バンドギャップの狭い Polymer 2-3, 2-5および P3HTを p型活性層としたバルクヘテロジ
ャンクション(BHJ)型の有機薄膜太陽電池(OPV)の作製を試みた。Polymer 2-5 は文献で光電変換効率
(PCE)4.7~7.3%
[9c, 9d]、P3HT は平均して約 3%[16]の値が報告されている。しかし実際に素子の作製を行っ
た際、Polymer 2-5は凝集性が強く、デバイス化の可能な薄膜が得られなかった。これは文献では数平均
分子量 9,700 程度の分子量のポリマーであるのに対し、今回得られたポリマーがより大きな数平均分子






















Wavelength / nm 
   Polymer 2-1
   Polymer 2-2
   Polymer 2-3
   Polymer 2-4
   Polymer 2-5
   Polymer 2-6
   P3HT
41 
 
有し、OPV デバイスの作製を行うことができた。素子構成は ITO/ PEDOT:PSS/ BHJ layer/ LiF(1nm)/ 
Al(80nm)とした。 
 
Figure 2-24 Photoluminescence spectrum of thin film of Polymer 1 and electroluminescence spectrum of OLED 
using Polymer 2-3 at 3.9 V 
 
 
Figure 2-25 Luminance vs current density plots for OLED using Polymer 2-3. 
 
OPVデバイスの特性評価の結果を Table 2-4にまとめた。また、OPVの J-V カーブを Figure 2-26(a)、
光電変換効率(IPCE)スペクトルを Figure 2-26(b)に示す。また、BHJ膜の AFM画像を Figure 2-27に示し
た。Polymer 2-3 および P3HT を用いたデバイスはいずれも太陽電池として駆動することを確認できた。
しかし、Polymer 2-3を用いた OPVの PCEは 0.91%と低い値であった。これは Fig2-27aの AFM図に見
られるように、Polymer 2-3 と PC70BMの相溶性が悪く、大きな相分離構造を形成していることが原因で
短絡電流密度が低くなったためであると考えられる。P3HTを用いたデバイスは PCE 3.5%を記録し、一

















































Table 2-4 Photovoltaic properties of Polymer 1 and P3HT
a
 





) Voc (V) FF PCE (%) 
Polymer 2-3 : PC70BM 
(1:4) 
CHCl3 81 2.6±0.11 0.86±0.02 0.40±0.01 0.91±0.05 
P3HT : PCBM (1:0.8) o-DCB
b
 223 10.4±0.67 0.64±0.0008 0.52±0.02 3.5±0.3 
a
 OPV configuration: ITO/ PEDOT:PSS/ BHJ layer/ LiF(1nm)/ Al(80nm). The average values with standard 





Figure 2-26 (a) J-V curves under AM 1.5 G illumination and (b) IPCE spectra of the OPV devices of Polymer 
2-3 : PC70BM (1:4) and P3HT : PCBM (1:0.8) blend films.  
 
Figure 2-27 AFM images (5 × 5 μm
2

































































の P3HT を合成することができた。 
得られたポリマーのうち Polymer 2-3は OLED の発光層として良好な性質を示した。また、連続的な






2.7 Experimental section 
Materials 
Palladium acetate (Pd(OAc)2), tricyclohexylphosphine tetrafluoroborate (PCy3·HBF4), PivOH, Cs2CO3, 
K2CO3, 9,9-dioctylfluorene, 2,7-dibromo-9,9-dioctylfluorene, 10H-phenothiazine, 4,4´-dibromo-2,2´-bithiophene, 
BTMA Br, TBA Br, and other chemicals were received from commercial suppliers and used without further 
purification. Anhydrous dichloromethane, toluene, N,N-dimethylacetamide (DMAc), and THF were purchased 
from Kanto Chemical and used as a dry solvent. Poly(3,4-ethylenedioxythiophene)-poly(styrenesulfonate) 
(PEDOT:PSS, CLEVIOS P VP AI 4083) was purchased from Heraeus. PC70BM (purity 99%) was purchased from 
Solenne. 2,2´,2´´-(1,3,5-Benzenetriyl)tris(1-phenylbenzimidazole) (TPBi) was purchased from Luminescence 
Technology Corp. ZnCl2 was dried for 6 h at 150 °C under vacuum before use. BTMA Br3 and TBA Br3 were 
purchased from TCI and purified by recrystallization from dichloromethane/diethylether. 
2-Bromo-3-hexylthiophene and 3-hexylthiophene were purchased from TCI and purified by column 
chromatography. TPD was synthesized according to the literatures
[13]


















H} NMR spectra were measured with tetramethylsilane (TMS) as an internal standard. 
19
F NMR spectra were measured with hexafluorobenzene as an external standard (-162.9 ppm). Regioregularity of 
P3HT was quantified by 
1
H NMR according to the literature.
[18]
  GPC measurements were carried out on a 
SHIMADZU prominence GPC system equipped with polystyrene gel columns, using CHCl3 as an eluent after 
calibration with polystyrene standards. The high-temperature GPC measurement was conducted using a 
HLC-8321 GPC/HT (TOSOH, Tokyo, Japan) with o-dichlorobenzene as the eluent after calibration with 
polystyrene standards. MALDI-TOF-MS spectra were recorded on an AB SCIEX MALDI TOF/TOF 5800 in 
linear mode using trans-2-[3-(4-tert-butylphenyl)-2-methyl-2-propenylidene]malononitrile (DCTB) as the matrix. 
Elemental analyses were carried out with a Perkin-Elmer 2400 CHN Elemental Analyzer. Ultraviolet–visible 
(UV–vis) absorption spectra were recorded on a JASCO V-630 spectrometer or a Hitachi U-3010 spectrometer. 
Photoluminescence spectrum was recorded on a JASCO FP-6500 spectrometer. The HOMO energy levels were 
estimated by photoelectron yield spectroscopy (PYS) using an AC-3 spectrometer (Riken Keiki). The surface 
morphologies of the BHJ films were observed using AFM (5100N, Hitachi High Tech Science). All of the 






A mixture of phenothiazine (1.20 g, 6.0 mmol), 
t
BuOK (763 mg, 6.8 mmol), and THF (13 mL) was stirred for 1 
h at room temperature under a nitrogen atomosphere.  Then, 1-bromo-2-octyldodecane (3.25 g, 9.0 mmol) was 
added, and the mixture was heated to reflux for 18 h.  After cooling to room temperature, the reaction mixture 
was passed through a short silica gel-column with THF.  The solution was concentrated under reduced pressure 
and purified by column chromatography on silica gel using hexane as an eluent, giving PTZ as colorless oil in 
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88% yield.  
1
H NMR (400 MHz, CDCl3): δ 7.16-7.11 (m, 4H), 6.92-6.84 (m, 4H), 3.71 (d, J = 7.3 Hz, 2H), 




H} NMR (100 MHz, CDCl3): δ 145.7, 127.4, 
127.0, 125.8, 122.2, 115.8, 51.4, 34.4, 31.9, 31.8, 31.6, 29.9, 29.6, 29.4, 29.3, 29.2, 26.2, 22.7, 22.6, 14.1.  Anal. 






1-Bromododecane (1.63 mL, 6.8 mmol) was added dropwise to a mixture of iodine (15.2 mg, 0.060 mmol), 
magnesium turning (175 mg 7.2 mmol), and diethylether (4.0 mL).  The reaction mixture was heated to reflux 
for 2 h.  The supernatant solution was added dropwise at room temperature to a solution of 
4,4´-dibromo-2,2´-bithiophene (778 mg, 2.4 mmol) and dichloro[1,3-bis(diphenylphosphino)propane]nickel (26.0 
mg, 0.048 mmol) in diethylether (4.0 mL).  The reaction mixture was stirred at room temperature for 4 h.  Then, 
distilled water (4.0 mL) was added to the reaction mixture, and the organic phase was extracted with dietheylether.  
The combined organic phase was washed with 1 M HCl solution and brine.  The organic layer was dried over 
sodium sulfate.  The product was purified by column chromatography on silica gel using hexane as an eluent and 
recrystallized from CHCl3/methanol, giving BT as a white solid in 59% yield.  
1
H NMR (400 MHz, CDCl3): δ: 
6.98 (d, J = 1.4 Hz, 2H), 6.76 (d, J = 1.4 Hz, 2H), 2.56 (t, J = 7.7 Hz, 4H), 1.61 (quin, J = 7.4 Hz, 4H), 1.31-1.26 
(br m, 36H), 0.88 (t, J = 6.9 Hz, 6H). 
 
Bromination of 9,9-dioctylfluorene with benzyltrimethylammonium tribromide 
A mixture of dried ZnCl2 (170 mg, 1.25 mmol), 9,9-dioctylfluorene (195 mg, 0.500 mmol), anhydrous 
dichloromethane (2 mL), and BTMA Br3 (390 mg, 1.00 mmol) was stirred for 24 h at 40 °C under nitrogen 
atmosphere.  After the mixture was cooled to room temperature, water (3 mL) and 5 wt% aq. solution of 
NaHSO4 (2 mL) were added. The organic phase was extracted with hexane (10 mL × 3).  The organic layer was 
dried over magnesium sulfate and passed through a short alumina-column with dichloromethane.  The eluent was 
concentrated in vacuo, giving 2,7-dibromo-9,9-dioctylfluorene as a white solid (267 mg, 98%). 
1
H NMR (400 




Bromination of PTZ with BTMA Br3 
A mixture of PTZ (96.0 mg, 0.20 mmol), K2CO3 (69.1 mg, 0.50 mmol), dichloromethane (0.80 mL), and BTMA 
Br3 (156 mg, 0.40 mmol) was stirred for 24 h at room temperature under a nitrogen atmosphere.  Then, 5 wt% aq. 
solution of NaHSO3 was added, and organic phase was extracted with hexane.  The organic layer was dried over 
sodium sulfate.  The product was isolated by column chromatography on silica gel using hexane as an eluent, 
giving 3,7-dibromo-10-(2-octyldodecyl)phenothiazine as colorless oil in 98% yield.  
1
H NMR (400 MHz, 
CDCl3): δ 7.25-7.22 (m, 4H), 6.70-6.68 (m, 2H), 3.62 (d, J = 7.0 Hz, 2H), 1.89 (m, 1H), 1.21-1.36 (br m, 31H), 




H} NMR (150 MHz, CDCl3): δ 144.6, 130.1, 129.9, 127.3, 117.2, 114.8, 51.7, 34.5, 
31.9, 31.5, 29.9, 29.6, 29.5, 29.4, 29.3, 26.2, 22.7, 14.1.  Anal. calcd. for C32H47Br2NS: C 60.28, H 7.43, N 2.20; 
found C 60.47, H 7.51, N 2.50. 
 
Bromination of BT with BTMA Br3 
A mixture of BT (50.2 mg, 0.10 mmol), K2CO3 (34.6 mg, 0.25 mmol), dichloromethane (0.40 mL), and BTMA 
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Br3 (78.0 mg, 0.20 mmol) was stirred for 3 h at 40 °C under a nitrogen atmosphere. Then, 5 wt% aq. solution of 
NaHSO3 was added, and the organic phase was extracted with hexane.  The organic layer was dried over sodium 
sulfate.  The product was isolated by column chromatography on silica gel using hexane as an eluent, giving 
5,5´-dibromo-4,4´-didodecyl-2,2´-bithiophene as a white solid in 96% yield.  
1
H NMR (400 MHz, CDCl3): δ 




Direct arylation polycondensation in the presence of byproducts of a bromination reaction 
A catalyst solution was prepared in advance using the following procedure: a mixture of PCy3 (239 mg, 0.852 
mmol), Pd(OAc)2 (95.7 mg, 0.426 mmol), and anhydrous toluene (4.25 mL) was stirred at room temperature 
overnight under nitrogen atmosphere. The resulting mixture was used as a catalyst solution (PCy3: 0.200 mol/L, 
Pd(OAc)2: 0.100 mol/L). 
A mixture of 2,7-dibromo-9,9-dioctylfluorene (274 mg, 0.500 mmol), Cs2CO3 (652 mg, 2.00 mmol), additives: 
succinimide (99.1 mg, 1.00 mmol) or Benzyltrimethylammonium bromide (BTMA Br) (230 mg, 1.00 mmol) 
and/or dried ZnCl2 (170 mg, 1.25 mmol) and anhydrous toluene (1.6 mL) was stirred for 1 h under nitrogen 
atmosphere. Then, TPD (133 mg, 0.500 mmol), catalyst solution (0.400 mL including Pd(OAc)2 (0.0400 mmol) 
and PCy3 (0.0800 mmol)), pivalic acid (PivOH) (0.0169 mL, 0.150 mmol), and anhydrous toluene (0.5 mL) were 
added to the mixture.  The resulting mixture was stirred at 100 °C during indicated time. Purification was carried 
out according the literature.
[5f] 
 
Synthesis of Polymer 2-1 via sequential protocol 
A catalyst solution was prepared in advance using the following procedure: a mixture of PCy3 (239 mg, 0.852 
mmol), Pd(OAc)2 (95.7 mg, 0.426 mmol), and anhydrous toluene (4.25 mL) was stirred at room temperature 
overnight under nitrogen atmosphere. The resulting mixture was used as a catalyst solution (PCy3: 0.200 mol/L, 
Pd(OAc)2: 0.100 mol/L). 
A mixture of dried ZnCl2 (170 mg, 1.25 mmol), 9,9-dioctylfluorene (195 mg, 0.500 mmol), anhydrous 
dichloromethane (2 mL), and BTMA Br3 (390 mg, 1.00 mmol) was stirred for 24 h at 40 °C under nitrogen 
atmosphere.  After the mixture was cooled to room temperature, anhydrous toluene (1 mL) and Cs2CO3 (652 mg, 
2.00 mmol) were added and stirred for 1 h.  Then, TPD (133 mg, 0.500 mmol), catalyst solution (0.400 mL 
including Pd(OAc)2 (0.0400 mmol) and PCy3 (0.0800 mmol)), pivalic acid (PivOH) (0.0169 mL, 0.150 mmol), 
and anhydrous toluene (1.1 mL) were added to the mixture.  The resulting mixture was stirred at 100 °C for 72 h.  
After cooling to room temperature, the mixture was diluted with CHCl3 (100 mL) and then washed with 1 M HCl 
solution (50 mL × 3), 0.1 M ethylenediaminetetraacetic acid disodium salt (pH 8) (50 mL × 3), and distilled water 
(50 mL × 3).  The organic layer was dried over sodium sulfate and filtered through a Celite plug.  The solution 
was concentrated under reduced pressure and precipitated in CH3OH.  The polymer deposit was washed with 
CH3OH and hexane.  The solid was reprecipitated from CHCl3 / CH3OH, giving 
poly[(9,9-dioctylfluorene-2,7-diyl)-(5-octylthieno[3,4-c]pyrrole-4,6-dione-1,3-diyl)] (Polymer 2-1) as a yellow 
solid in 80% yield (Mn = 34500, Mw/Mn = 1.83).  
1
H NMR(400 MHz, CDCl3): δ 8.20-8.31 (m, 4H), 7.86 (d, J = 




H} NMR(150 MHz, 
CDCl3): δ 163.1, 152.4, 145.2, 142.2, 130.5, 130.2, 127.4, 122.8, 120.6, 55.8, 40.1, 38.7, 31.8, 30.0, 29.3, 29.2, 
28.6, 27.1, 23.93, 22.7, 22.6, 14.1.  Anal. calcd. for C43H57NO2S: C 79.21, H 8.81, N 2.15; found C 78.99, H 






Synthesis of Polymer 2-2 via sequential protocol 
Poly[(9,9-dioctylfluorene-2,7-diyl)-(2,2´,3,3´,5,5´,6,6´-octafluoro-4,4’-diphenylene)] (Polymer 2-2) was 
synthesized from 9,9-dioctylfluorene and 2,2´,3,3´,5,5´,6,6´-octafluorobiphenyl using a procedure similar to that 
for Polymer 2-1.  Polymer 2-2 was obtained as a pale gray solid in 81% yield (Mn = 25200, Mw/Mn = 2.38).  
1
H 
NMR (400 MHz, CDCl3): δ 7.94 (d, J = 8.4 Hz, 2H), 7.59 (br, 4H), 2.07 (br, 4H), 1.01-1.33 (br, 20H), 0.83 (t, J = 




H} NMR(150 MHz, CDCl3): δ 151.6, 145.4, 144.9, 143.8, 143.3, 141.5, 129.2, 
126.1, 125.0, 123.1, 120.4, 105.9, 55.7, 40.2, 31.8, 29.9, 29.2, 23.8, 22.6, 14.0. 
19
F NMR (376 MHz, CDCl3) : δ 
-135.0 (br, 4F), -139.0 (br, 4F).  Anal. calcd. for C41H40F8: C 71.92, H 5.89; found C 71.88, H 6.14. 
 
Synthesis of Polymer 2-3 via sequential protocol 
A mixture of PTZ (144 mg, 0.30 mmol), K2CO3 (104 mg, 0.75 mmol), dichloromethane (1.2 mL), and BTMA Br3 
(234 mg, 0.60 mmol) was stirred for 24 h at room temperature under a nitrogen atmosphere. Then, PTZ (14.4 mg, 
0.030 mmol) and dichloromethane (0.30 mL) were added to the mixture, and the reaction continued for further 24 
h. After the bromination, anhydrous toluene (1.5 mL), Cs2CO3 (391 mg, 1.2 mmol), Pd(OAc)2 (5.39 mg, 0.024 
mmol) and PCy3·HBF4 (17.7 mg, 0.048 mmol) were added to the mixture. After stirring for 15 min, TPD (79.6 mg, 
0.30 mmol) and PivOH (0.0102 mL, 0.090 mmol) were added to the mixture. The resulting mixture was heated to 
100 °C under nitrogen gas steam and stirred for 1 h. Then, the reaction vessel was sealed, and the reaction 
continued for further 47 h. After cooling to room temperature, toluene was removed under vacuum. The product 
was dissolved in THF (5 mL), and resulting mixture was poured into distilled water (300 mL). The precipitate was 
washed with 0.1 M aqueous solution of ethylenediaminetetraacetic acid disodium salt (pH 8), distilled water, 
methanol, and hexane. The polymeric product was dissolved in CHCl3, and the solution was filtered through a 
Celite plug. A reprecipitation from CHCl3 / methanol gave 
poly[[10-(2-octyldodecyl)phenothiazine-3,7-diyl]-(5-octylthieno[3,4-c]pyrrole-4,6-dione-1,3-diyl)] (Polymer 2-3) 
as a red solid in 91% yield (Mn = 15,000, PDI = 1.8). 
1
H NMR (400 MHz, CDCl3): δ 8.10 (br, 2H), 7.88 (br, 2H), 




H} NMR (150 MHz, CDCl3): δ 163.3, 146.2, 143.1, 129.3, 127.6, 126.7, 125.6, 125.3, 116.0, 51.7, 42.6, 
38.2, 34.8, 32.0, 31.9, 31.5, 30.6, 30.0, 29.7, 29.5, 29.4, 29.3, 28.7, 26.2, 23.9, 23.1, 22.7, 14.1, 10.5. Anal. calcd. 
for C46H64N2O2S2: C 74.55, H 8.70, N 3.78; found C 74.33, H 8.72, N 3.86. 
 
Synthesis of Polymer 2-4 via sequential protocol 
Poly[[10-(2-octyldodecyl)phenothiazine-3,7-diyl]-(2,2´,3,3´,5,5´,6,6´-octafluoro-4,4´-diphenylene)] (Polymer 
2-2) was synthesized from PTZ (144 mg, 0.30 mmol) and OFB (89.4 mg 0.30 mmol) using a procedure similar to 
that for Polymer 2-3.  Polymer 2-4 was obtained as a yellow-green powder in 72% yield (Mn = 15,300, PDI = 
1.7).  
1
H NMR (400 MHz, CDCl3): δ 7.39-7.36 (br m, 4H), 7.04 (d, J = 9.0 Hz, 2H), 3.85 (br, 2H), 2.07 (br, 1H), 




H} NMR (150 MHz, CDCl3): δ 146.3, 145.1 (d, J = 82.5 Hz), 
143.4 (d, J = 77.6 Hz), 129.4, 129.1, 125.7, 121.7, 121.6, 121.5, 121.4, 116.1, 105.7, 51.7, 34.6, 31.9, 31.7, 30.0, 
29.6, 29.5, 29.4, 29.3, 26.3, 22.7, 14.1.  
19
F NMR (376 MHz, CDCl3): δ 135.0, 139.2.  Anal. calcd. for 
C44H47F8NS: C 68.29, H 6.12, N 1.81; found C 67.57, H 5.91, N 1.74. 
 
Synthesis of Polymer 2-5 via sequential protocol 
A mixture of BT (75.4 mg, 0.15 mmol), K2CO3 (51.8 mg, 0.38 mmol), dichloromethane (0.6 mL), and BTMA 
Br3 (117 mg, 0.30 mmol) was stirred for 24 h at 40 °C under a nitrogen atmosphere. Then, a solution of 
2-metylthiophene in dichloromethane (0.10 M, 60 μL, 6.0μmol) was added to the mixture, and the reaction 
continued for further 1 h. After the bromination, anhydrous toluene (0.75 mL), Cs2CO3 (195 mg, 0.60 mmol), 
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Pd(OAc)2 (2.69 mg, 0.012 mmol) and PCy3·HBF4 (8.84 mg, 0.024 mmol) were added to the mixture. After 
stirring for 15 min, TPD (39.8 mg, 0.15 mmol) and PivOH (5.08 μL, 0.045 mmol) were added to the mixture. The 
resulting mixture was heated to 100 °C under nitrogen gas steam and stirred for 1 h. Then, the reaction vessel was 
sealed, and the reaction continued for further 47 h. After cooling to room temperature, toluene was removed under 
vacuum. The product was washed with 0.1 M aqueous solution of EDTA 2Na (pH 8), distilled water, methanol, 
and hexane. The polymeric product was dissolved in o-dichlorobenzene at 100 °C, and the solution was filtered 
through a Celite plug. The hot solution was poured into vigorously stirred methanol at room temperature, giving 
Poly[[5-(2-ethylhexyl)-5,6-dihydro-4,6-dioxothieno[3,4-c]pyrrole-1,3-diyl](4,4´-didodecyl[2,2´-bithiophene]-5,5´
-diyl)] (Polymer 2-5) as a dark purple solid in 65% yield (Mn = 14,900, PDI = 1.7). 
1
H NMR (600 MHz, C2D2Cl4, 
373 K): δ 7.22 (s, 2H), 3.60 (d, J = 6.8 Hz, 2H), 2.87 (t, J = 7.5 Hz, 4H), 1.94-1.90 (m, 1H), 1.79-1.74 (m, 4H), 




H} NMR (150 MHz, C2D2Cl4, 373 K): δ 162.1, 145.4, 138.1, 136.0, 
130.8, 127.1, 124.9, 42.6, 38.3, 31.6, 30.8, 30.0, 29.8, 29.3, 29.1, 29.0, 28.5, 24.2, 22.7, 22.3, 13.7, 10.4. Anal. 
calcd. for C46H69NO2S3: C 72.29, H 9.10, N 1.83; found C 71.80, H 9.07, N 1.51. 
 
Synthesis of Polymer 2-6 via sequential protocol 
Poly[(4,4´-didodecyl[2,2´-bithiophene]-5,5´-diyl)-(2,2´,3,3´,5,5´,6,6´-octafluoro-4,4´-diphenylene)] (Polymer 2-6) 
was synthesized from BT (75.4 mg, 0.15 mmol) and OFB (44.7 mg, 0.15 mmol) using a reaction procedure 
similar to that for Polymer 2-5 and a purification procedure similar to that for Polymer 2-3.  Polymer 2-6 was 
obtained as a dark green solid in 66% yield (Mn = 21,600, PDI = 1.5).  
1
H NMR (400 MHz, CDCl3): δ 7.22 (s, 




H} NMR (150 MHz, CDCl3): δ 
145.5, 145.2 (d, J = 34.1 Hz), 143.6 (d, J = 45.1 Hz), 138.9, 125.8, 119.0, 116.0, 115.9, 107.1, 31.9, 30.0, 29.6, 
29.5, 29.3, 29.2, 22.7, 14.1.  
19
F NMR (376 MHz, CDCl3): δ -133.8, -134.1.  Anal. calcd. for C44H52F8S2: C 
66.31, H 6.58; found C 66.04, H 6.78. 
 
Synthesis of P3HT from 3-hexylthiophene via sequential protocol 
A mixture of 3-hexylthiophene (0.179 mL, 1.0 mmol), K2CO3 (207 mg, 1.5 mmol), dichloromethane (1.0 mL) and 
BTMA Br3 (482 mg, 1.0 mmol) was stirred for 18 h at 40 °C under a nitrogen atmosphere. After the bromination, 
dichloromethane was evaporated at 60 °C. After cooling to room temperature, K2CO3 (276 mg, 2.0 mmol), PivOH 
(0.113 mL, 1.0 mmol), and THF (1.9 mL) were added. The mixture was stirred for 2 h at 60 °C. Then, a solution 
of Pd(OAc)2 in THF (0.010 M, 0.10 mL, 1.0 μmol) was added. The resulting mixture was stirred at 60 °C for 96 h. 
After cooling to room temperature, the mixture was diluted with small amount of THF, and poured into distilled 
water (500 mL). The precipitate was washed with 0.1 M aqueous solution of EDTA 2Na (pH 8), distilled water, 
methanol, and hexane. The polymeric product was dissolved in CHCl3, and the solution was filtered through a 
Celite plug. A reprecipitation from CHCl3 / methanol gave P3HT as a dark purple solid in 88% yield (Mn = 19,800, 
PDI = 2.2, H-T% = 93%). 
1
H NMR (400 MHz, CDCl3): δ 6.98 (s, 1H), 2.80 (t, J = 7.7 Hz, 2H), 1.74-1.67 (m, 2H), 
1.46-1.31 (m, 6H), 0.91 (t, J = 7.0 Hz, 3H). Anal. calcd. for C10H14S: C 72.23, H 8.49; found C 72.20, H 8.98.  
 
Fabrication and characterization of OLED 
OLED was fabricated in the following configuration: ITO/PEDOT:PSS/light emitting Polymer 2-3 layer/electron 
transporting (hole blocking) TPBi layer/LiF/Al.  The patterned indium tin oxide (ITO) glass (conductivity: 10 
Ω/square) was pre-cleaned in an ultrasonic bath of acetone and ethanol and then treated in an ultraviolet-ozone 
chamber.  A thin layer (40 nm) of PEDOT:PSS was spin-coated onto the ITO at 3000 rpm and air-dried at 110°C 
for 10 min on a hot plate.  The substrate was then transferred to a N2-filled glove box where it was re-dried at 
110°C for 10 min on a hot plate.  A toluene solution of Polymer 2-3 was subsequently spin-coated onto the 
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PEDOT:PSS surface to form the light emitting layer (32 nm).  TPBi (40 nm), LiF (1 nm) and Al (80 nm) were 
then deposited onto the active layer with conventional thermal evaporation at a chamber pressure lower than 5 × 
10
−4
 Pa, which provided the devices with an active area of 2 × 2 mm
2
.  Current-voltage characteristics and 
luminance of the OLED were simultaneously measured using an ADCMT 6246 DC voltage current 
source/monitor (ADC CORPORATION) and an LS-100 luminance meter (KONICA MINOLTA JAPAN, INC.), 
respectively.  The EL spectra and the coordinates of the CIE chromaticity were measured using an array 
spectrometer (MCPD-9800-311C, Otsuka Electronics Co, Ltd.). 
 
Fabrication and characterization of OPV cells 
The OPV cells were fabricated in the following configuration: ITO/PEDOT:PSS/ BHJ layer/LiF/Al.  The 
patterned ITO (conductivity: 10 Ω/square) glass was precleaned in an ultrasonic bath containing acetone and 
ethanol and then treated in an ultraviolet-ozone chamber.  A thin layer (40 nm) of PEDOT:PSS was spin-coated 
onto the ITO at 3000 rpm and air-dried at 110 °C for 10 min on a hot plate.  Then, the substrate was transferred 
to a N2-filled glovebox where it was dried at 110 °C for 10 min on a hot plate.  A CHCl3 solution consisting of 
Polymer 2-3 and PC70BM blended in a 1:4 ratio or A o-dichlorobenzene solution consisting of P3HT and PCBM 
blended in a 1:0.8 was subsequently spin-coated onto the PEDOT:PSS surface to form the BHJ layer.  The 
substrates with the BHJ layers were dried for 10 min at 110 °C.  Then, LiF (1 nm) and Al (80 nm) were deposited 
onto the active layer by conventional thermal evaporation at a chamber pressure lower than 5 × 10
−4
 Pa, which 
provided the devices with an active area of 5 × 2 mm
2
.  The thicknesses of the BHJ and PEDOT:PSS layers were 
measured using an automatic microfigure measuring instrument (SURFCORDER ET200, Kosaka Laboratory, 
Ltd.).  The current density−voltage (J−V) curves were measured using an ADCMT 6244 dc voltage current 
source/monitor under AM 1.5 solar-simulated light irradiation (100 mW cm
−2
) (OTENTO-SUN III, Bunkoh-Keiki 
Co., Ltd.).  The incident-photon-to-current conversion efficiency (IPCE) was measured using an SM-250 system 
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では、以下のように反応が進行する。①Pd(II)の反応活性種 I が芳香環化合物の C-H 結合の活性化によ
り中間体 IIが生成する。②オレフィンの配位挿入により中間体 IIIを経由して中間体 IV が生成する。③






























物である化合物 3-2が 91%の収率で得られた。単離された 3-2の 1H NMRを Figure 3-1aに、反応後のク





































照実験を行った(Scheme 3-6)。内部標準物質にはメシチレンを用いた。反応前のクルードの 1H NMRを












H NMR spectra of (a) reaction crude at 0 h and (b) reaction crude at 4h (400 MHz, CDCl3) 
  
(a) 0 h 



















2,7-diethenyl-9,9-bis(2-ethylhexyl)-9H-fluorene (DVF)を用いて重縮合反応を行った。反応温度 100 °C、反応
時間 4時間の条件で分子量 22,400、PDI 5.6の Polymer 3-1が収率 81%で得られた。得られたポリマーは
NMRおよびMALDI-TOF-MS を用いて構造同定を行った。得られた 1H NMR スペクトルのシグナルは
各々、繰り返し単位構造および末端に帰属された(Figure 3-4)。また、MALDI-TOF-MS においても繰り返
し単位構造に一致する間隔でマスピークがみられ、両末端に DVF ユニットが導入された構造と一致す
る m/z値が得られた(Figure 3-5)。 
 
 
Scheme 3-7 Rh-catalyzed direct alkenylation polycondensation of 3-1 with DVF 
 
 
Figure 3-4  
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(Entry 1)。また反応時間 6時間では 4時間と比較して数平均分子量がほとんど変化しなかった。これは
生成ポリマーの一部が反応中に析出しているためだと考えられる(Entry 3)。よって、これらの実験から
反応時間 4時間が適切であることが分かった。反応温度を 60 °C にした際には反応速度の低下が見られ
たものの、反応時間を 24時間まで延長することで分子量 1万以上のポリマーが得られることが分かっ
た(Entry 4)。酢酸銅を 6.0等量に増やして行った実験では収率・分子量の低下がみられた(Entry 5)。これ
は反応系中の金属塩が多くなることでポリマーの溶解性に悪影響を与えたためであると考えられる。反





















1 DMF 100 2 65 8.3 2.4 
2 DMF 100 4 81 22.4 5.6 
3 DMF 100 6 71 22.6 7.9 
4 DMF 60 24 79 14.8 2.3 
5
 d
 DMF 100 4 64 16.7 6.8 
6 DMAc 100 4 71 17.8 4.7 
7 NMP 100 4 70 20.2 5.4 
8 Dioxane 100 4 No polymer - - 
a
 Reactions were conducted using [Cp*RhCl2]2 (4 mol%) and Cu(OAc)2·H2O (4.2 equiv.) in solvent (0.08 M).  
b
 The products were obtained by reprecipitation from CHCl3-CH3OH.  
c
 Estimated by GPC calibrated on polystyrene standards.  
d














Table 3-2. Direct alkenylation polycondensation of 3-1 with DVF under various conditions 
a
   
 







1 [Cp*Rh(MeCN)3](SbF6)2 (8) - 70 10.7 3.8 
2 [Cp*RhCl2]2 (2) - 37 5.5 2.0 
3
 b
 [Cp*RhCl2]2 (2) - 68 9.4 2.3 
4 [Cp*RhCl2]2 (4) K2CO3 (4.2) 0 - - 
5 [Cp*RhCl2]2 (4) 1-AdCOOH (4.2) 86 14.3 2.9 
a
 Reactions were conducted using Rh-catalyst and Cu(OAc)2·H2O (4.2 equiv.) in DMF (0.08 M)  
at 100 °C for 4 h. 
b
 Reaction was conducted for 8 h. 
c









た。重合結果を Table 3-3にまとめた。 
Polymer 3-2 の合成では反応速度が早く、60 °C、10 時間で高分子量のポリマーが生成した。
1-(2-pyrimidinyl)pyrrole の代わりに 1-(2-pyridyl)pyrrole を用いることができたことから、配向基の配位部
位はモノマーにつき１つでも機能することが確認できた。Polymer 3-3においても 60 °C、10時間で高分





Table 3-3. Synthesis of Polymers 3-1 ~ 3-5 via direct alkenylation polycondensation
 a 
 
Entry Product Temp. / °C Reaction time / h Yield 
b





1 Polymer 3-2 60 10 85 55.8 4.2 
2 Polymer 3-3 60 10 78 23.8 2.9 
3 Polymer 3-4 100 4 79 10.1 1.9 
4 Polymer 3-5 100 4 82 21.3 2.5 
a
 Reactions were conducted using [Cp*RhCl2]2 (4 mol%) and Cu(OAc)2·H2O (4.2 eq.) in DMF (0.08 M).  
b
 The yields of CHCl3-soluble and CH3OH-insoluble fraction.  
c









に示す。Polymer 3-1, 3-2, 3-3は Polymer 3-4, 3-5と比較して長波長側に吸収が見られた。Polymer 3-4 お
よび 3-5はフェニル基モノマーのメタ位での結合であるために共役が途切れ、バンドギャップエネルギ
ーが大きくなったものと考えられる。 
Polymer 3-1および Polymer 3-2において熱重量測定を行った。測定は Ar雰囲気下で行い、ポリマーの
分解温度を求めた。結果を Fig 3-7および Table 3-4に示す。Polymer 3-1および Polymer 3-2の 5%重量損
失温度はそれぞれ 370 °C以上となり、比較的高い熱安定性を有していることが分かった。 
 
 
Fig. 3-6 Absorption spectra of Polymers 3-1 ~ 3-5 in the thin-film state. 
 
 
Fig. 3-7 TGA curves of Polymers 3-1 and 3-2 at a heating rate of 10 °C min
-1
 under Ar. 
 
 
Table 3-4. Temperatures at 5% weight-loss 
Polymer Polymer 3-1
 a
 Polymer 3-2 
Temp. (°C) 376 395 
a
 Table 1 Entry 2. 
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国立研究開発法人物質・材料研究機構(NIMS)安田先生との共同研究により Polymer 3-1 および 3-2 を
電界効果トランジスター(OFET)材料として評価した。合成したポリマーを p 型の半導体層として用い、
トップコンタクト型の OFETとして Glass/Au gate electrode/Parylene-C insulator/Polymer/Au source–drain 
electrodesの構成のデバイスを作成した。デバイスの代表的な Id–Vd特性および Id-Vg特性を Fig3-8に示す。
















Fig. 3-8 Typical characteristics of the top-contact FETs for (a) Polymer 3-1 and (b) Polymer 3-2 films. 
Left: output curves at different gate voltage; right: transfer curves at Vsd = -100 V 
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G a te  v o l ta g e  ( V )
3 . 0 x 1 0 - 4
























Polymer 3-1 7.13 x 10
-5
 1.26 x 10
3
 -28.4 
Polymer 3-1 7.85 x 10
-5
 1.80 x 10
3
 -27.2 
Polymer 3-1 8.33 x 10
-5
 1.85 x 10
3
 -26.1 
Polymer 3-1 6.74 x 10
-5
 1.34 x 10
3
 -31.1 
Ave 7.5± 0.7 x 10
-5
 1.6 ± 0.3 x 10
3
 -28 ± 2 
Polymer 3-2 1.89 x 10
-4
 1.24 x 10
3
 -34.9 
Polymer 3-2 1.63 x 10
-4
 3.43 x 10
3
 -29.0 
Polymer 3-2 1.34 x 10
-4
 2.76 x 10
3
 -30.4 
Polymer 3-2 2.25 x 10
-4
 4.11 x 10
3
 -29.2 
Ave 1.8 ± 0.4 x 10
-4
 3 ± 1 x 10
3
 -31 ± 3 
a
 OFET configuration; Glass / Au gate electrode / Parylene-C insulator / 
Polymer / Au source-drain electrodes. 
b




















3.7 Experimental Section 
Materials 
All reagents from commercial sources were used without further purification, unless otherwise noted. 
(Pentamethylcyclopentadienyl)rhodium(III) dichloride dimer ([Cp*RhCl2]2) and 2-phenylpyridine was purchased 
from Sigma-Aldrich. Cu(OAc)2·H2O was purchased from Wako Pure Chemical Industries. The anhydrous 
solvents were purchased from Kanto Chemical. 2-Phenylpyrimidine was purchased from Tokyo Chemical 
Industry and purified by recrystallization from anhydrous hexane under nitrogen atmosphere. 
1-(2-Pyrimidinyl)pyrrole (3-1) was prepared according to the literature method
 [8]
 and purified by recrystallization 
from hexane. 1-(2-Pyridinyl)pyrrole was prepared according to the literature method
[9]
 and purified by High 
Performance Liquid Chromatography (HPLC). Tris(acetonitrile)(pentamethylcyclopentadienyl)rhodium 






















H} NMR spectra were measured with tetramethylsilane (TMS) as an internal standard. Gel permeation 
chromatography (GPC) measurements were carried out on a SHIMADZU prominence GPC system equipped with 
polystyrene gel columns, using DMF solution of LiCl (0.01 M) as an eluent after calibration with polystyrene 
standards. The absorption spectra were recorded on a JASCO V-630 spectrometer. MALDI-TOF-MS spectra were 
recorded on an AB SCIEX MALDI TOF/TOF 5800 using 
trans-2-[3-(4-tert-Butylphenyl)-2-methyl-2-propenylidene]malononitrile (DCTB) as matrix. The highest occupied 
molecular orbital (HOMO) levels were estimated by photoelectron yield spectroscopy (PYS) using an AC-3 
spectrometer (Riken Kieiki). Elemental analyses were carried out with a Perkin-Elmer 2400 CHN Elemental 




Synthesis of compound 3-2 
[4h]
 
A mixture of Cu(OAc)2·H2O (168 mg, 0.84 mmol), [Cp*RhCl2]2 (4.94 mg, 8.0 μmol), 3-1 (29.0 mg, 0.20 mmol), 
and styrene (45.8 μL, 0.40 mmol) was stirred in anhydrous DMF (2.4 mL) for 4 h at 100 °C under nitrogen 
atmosphere in the dark. Then the reaction mixture was cooled to room temperature. To the mixture was added 
dichloromethane (40 mL) and ethylenediamine (1.6 mL). The organic layer was washed with distilled water (40 
mL x 3) and dried over sodium sulfate. The product was isolated by column chromatography on silica gel using 
chloroform as an eluent. 2-[2,5-Bis((E)-2-phenylethenyl)-1H-pyrrol-1-yl]pyrimidine (3-2) was obtained as a 
yellow solid (63.2mg, 91%). 
1
H NMR (400 MHz, CDCl3): δ 8.92 (d, J = 4.8 Hz, 2H), 7.37-7.35 (m, 5H), 7.29 (t, J 
= 7.7 Hz, 4H), 7.18 (t, J = 7.3 Hz, 2H), 7.14 (d, J = 16.1 Hz, 2H), 6.91 (d, J = 16.1 Hz, 2H), 6.73 (s, 2H). The 
1
H 












Scheme 3-8 Synthesis of 2,7-diethenyl-9,9-bis(2-ethylhexyl)-9H-fluorene 
 





Scheme 3-9 Synthesis of 1,4-bis(2-ethylhexyloxy)-2,5-ethenylbenzene 
 
 
General procedure for Rh-catalyzed dehydrogenative direct alkenylation polycondensation 
A mixture of Cu(OAc)2·H2O (168 mg, 0.84 mmol), [Cp*RhCl2]2 (4.94 mg, 8.0 μmol), directing-group-containing 
arene monomer (0.20 mmol), and divinyl monomer (0.20 mmol) was stirred in anhydrous DMF (2.4 mL) at a 
prescribed temperature for a prescribed time under nitrogen atmosphere in the dark. Then the reaction mixture was 
poured into a vigorously stirred mixture of distilled water (40 mL) and ethylenediamine (1.6 mL). The suspension 
was stirred overnight in the dark. The precipitate was separated by filtration and washed with the following 
solutions and solvents: aqueous solution of ethylenediaminetetraacetic acid disodium salt (0.1 M, pH = 8), 
aqueous solution of sodium hydroxide (0.1 M), distilled water, methanol, and hexane. The precipitate was 
dissolved in chloroform and the solution was filtered through a Celite plug. A reprecipitation from 
chloroform/methanol gave a polymeric product.  
 
Synthesis of Polymer 3-1 
3-1 (29.0 mg, 0.20 mmol) and 2,7-diethenyl-9,9-bis(2-ethylhexyl)-9H-fluorene (88.5 mg, 0.20 mmol) were used 
as the monomers. The reaction was carried out at 100 °C for 4 h, giving 
poly[[1-(2-pyrimidinyl)-1H-pyrrole-2,5-diyl]-1,2-ethenediyl[9,9-bis(2-ethylhexyl)-9H-fluorene-2,7-diyl]-1,2-ethe
nediyl] (Polymer 3-1) as an orange solid in 81% yield (94.9 mg, Mn = 22400, PDI = 5.6). 
1
H NMR (400 MHz, 
CDCl3): δ. 8.94 (d, J = 4.8 Hz, 2H), 7.55 (d, J = 8.0 Hz, 2H), 7.38 (t, J = 4.8 Hz, 1H), 7.34-7.31 (br, 4H), 





NMR (150 MHz, CDCl3): δ 158.6, 157.7, 151.1 , 140.4, 136.3, 134.9, 127.8, 125.1, 125.0, 124.9, 122.0, 121.8, 
121.6, 119.5, 119.0, 117.7, 109.7, 54.5, 44.6, 34.5, 33.7, 28.1, 28.0, 26.9, 22.7, 14.0, 10.3. Anal. calcd. for 
C41H49N3: C 84.34, H 8.46, N 7.20; found C 83.42, H 8.44, N 6.93. Anal. calcd. for C41H49N3: C 84.34, H 8.46, N 
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7.20; found C 82.51, H 8.24, N 7.04. 
A part of the product (30 mg) was further purified. Ethylenediamine (30 μL) was added to a solution of the 
polymer in THF. The solution was stirred for 1 h and the polymer was reprecipitated in distilled water. The 
separated polymer was washed with distilled water and methanol. A reprecipitation from THF/distilled water gave 
the purified polymer (21 mg, 70%). Anal. calcd. for C41H49N3: C 84.34, H 8.46, N 7.20; found C 83.42, H 8.44, N 
6.93.  
This purification step improves the result of elemental analysis but the physical properties of the parent polymer 
and the purified polymer were essentially same 
 
Synthesis of Polymer 3-2 
1-(2-Pyridinyl)pyrrole (25.9 μL, 0.20 mmol) and 2,7-diethenyl-9,9-bis(2-ethylhexyl)-9H-fluorene (88.5 mg, 0.20 
mmol) were used as the monomers. The reaction was carried out at 60 °C for 10 h, giving 
poly[[1-(2-pyridinyl)-1H-pyrrole-2,5-diyl]-1,2-ethenediyl[9,9-bis(2-ethylhexyl)-9H-fluorene-2,7-diyl]-1,2-ethene
diyl] (Polymer 3-2) as an orange solid in 85% yield (99.5 mg, Mn = 55800, PDI = 4.2). 
1
H NMR (400 MHz, 
CDCl3): 8.77 (s, 1H), 7.92-7.88 (m, 1H), 7.51-7.46 (m, 3H), 7.36 (d, J = 7.8 Hz, 1H), 7.22 (br, 4H), 6.93-6.87 (br 




H} NMR (150 MHz, 
CDCl3): δ 151.3, 151.1, 149.6, 140.3, 138.1, 136.1, 134.6, 127.4, 125.0, 124.9, 124.8, 123.6, 123.1, 121.8, 121.7, 
121.4, 119.5, 116.8, 108.7, 54.5, 44.5, 34.5, 33.7, 28.0, 26.9, 22.7, 14.0, 10.3. Anal. calcd. for C42H50N2: C 86.55, 
H 8.65, N 4.81; found C 86.17, H 8.73, N 4.61. 
 
 
Scheme 3-10 Synthesis of Polymer 3-2 via Rh-catalyzed dehydrogenative direct alkenylation 
 
Synthesis of Polymer 3-3 
3-1 (29.0 mg, 0.20 mmol) and 1,4-diethenyl-2,5-bis[(2-ethylhexyl)oxy]benzene (77.3 mg, 0.20 mmol) were used 
as the monomers. The reaction was carried out at 60 °C for 10 h, giving 
poly[[1-(2-pyrimidinyl)-1H-pyrrole-2,5-diyl]-1,2-ethenediyl[2,5-bis(2-ethylhexyl)-1,4-phenylene]-1,2-ethenediyl] 
(Polymer 3-3) as a dark red solid in 78% yield (82.8 mg, Mn = 23800, PDI = 2.9). 
1
H NMR (400 MHz, CDCl3): δ. 
8.88 (2H, d, J = 4.8 Hz), 7.31 (1H, t, J = 4.9 Hz), 7.19 (2H, d, J = 16.1 Hz), 7.11 (2H, d, J = 16.1 Hz), 6.87 (2H, s), 





NMR (150 MHz, CDCl3): δ 158.5, 157.8, 150.9, 135.4, 127.0, 121.9, 118.9, 118.3, 110.3, 110.0, 71.8, 39.6, 30.7, 
29.1, 24.0, 23.1, 14.1, 11.2.  
 
 




Synthesis of Polymer 3-4  
2-Phenylpyrimidine (31.0 mg, 0.20 mmol) and 2,7-diethenyl-9,9-bis(2-ethylhexyl)-9H-fluorene (88.5 mg, 0.20 
mmol) were used as the monomers. The reaction was carried out at 100 °C for 4 h, giving 
poly[[9,9-bis(2-ethylhexyl)-9H-fluorene-2,7-diyl]-1,2-ethenediyl[2-(2-pyrimidinyl)-1,3-phenylene]-1,2-ethenediyl
] (Polymer 3-4) as pale yellow solid in 79% yield (93.9 mg, Mn = 10100, PDI = 1.9). 
1
H NMR (400 MHz, CDCl3): 
δ. 8.95 (d, J = 4.9 Hz, 2H), 7.72-7.71 (m, 2H), 7.52 (d, J = 7.9 Hz, 2H), 7.48 (t, J = 7.7 Hz, 1H), 7.35-7.34 (m, 
1H), 7.25-7.22 (m, 4H), 7.04 (dt, J = 15.6, 6.6 Hz, 2H), 6.80-6.74 (m, 2H), 1.94-1.84 (m, 4H), 0.85-0.62 (m, 23H), 




H} NMR (150 MHz, CDCl3): δ 167.9, 157.0, 151.0, 140.7, 137.1, 136.7, 136.0, 131.5, 
129.0, 125.9, 125.6, 125.4, 124.9, 122.5, 122.1, 121.9, 121.6, 119.6, 119.0, 54.6, 44.5, 34.6, 34.5, 33.7, 28.0, 27.1, 
26.9, 22.7, 22.6, 14.0, 10.4, 10.3, 10.2.  
 
 
Scheme 3-12 Synthesis of Polymer 3-4 via Rh-catalyzed dehydrogenative direct alkenylation 
 
Synthesis of Polymer 3-5 
2-Phenylpyridine (28.5 μL, 0.20 mmol) and 2,7-diethenyl-9,9-bis(2-ethylhexyl)-9H-fluorene (88.5 mg, 0.20 
mmol) were used as the monomers. The reaction was carried out at 100 °C for 4 h, giving 
poly[[9,9-bis(2-ethylhexyl)-9H-fluorene-2,7-diyl]-1,2-ethenediyl[2-(2-pyridinyl)-1,3-phenylene]-1,2-ethenediyl] 
(Polymer 3-5) as pale yellow solid in 82% yield (96.9 mg, Mn = 21300, PDI = 2.5). 
1
H NMR (400 MHz, CDCl3): 
δ. 8.84 (s, 1H), 7.80-7.70 (m, 3H), 7.52 (d, J = 8.0 Hz,2H), 7.46 (t, J = 7.8 Hz, 1H), 7.36 (d, J = 7.5 Hz, 2H), 7.22 
(m, 4H), 7.05 (dt, J = 16.1, 4.1 Hz, 2H), 6.78 (d, J = 15.8 Hz, 2H), 1.87 (br, 4H), 0.85-0.61 (br m, 22H), 0.48-0.43 




H} NMR (150 MHz, CDCl3): δ 158.6, 151.1, 149.5, 140.7, 138.5, 136.8, 136.0, 135.9, 130.8, 
128.5, 126.5, 126.4, 125.9, 125.7, 125.4, 124.6, 122.4, 122.0, 121.7, 119.6, 54.5, 44.4, 34.5, 33.7, 28.0, 26.9, 22.6, 
14.0, 10.3.  
 
 
Scheme 3-13 Synthesis of Polymer 3-5 via Rh-catalyzed dehydrogenative direct alkenylation 
 
Fabrication and characterization of FETs 
To estimate the hole mobilities of the Polymers 3-1, 3-2, OFETs with a top-contact geometry were fabricated and 
characterized as follows. A glass/Au gate electrode/Parylene-C insulator substrate was prepared according to the 
previously reported methods.
[14]
  The Polymers 3-1, 3-2 were spin-coated from toluene solution onto the 
Parylene-C layer. The coated substrate was then transferred to a N2-filled glove box where it was dried for 10 min 
at 110 °C. Au (40 nm) source-drain electrodes were thermally evaporated onto the substrates through shadow 
masks. The channel length and width were fixed at 75 μm and 5 mm, respectively. The OFET measurements were 




















Figure 3-10 1H NMR spectrum of Polymer 3-1 (CDCl3, 400 MHz). 
 






















Figure 3-12 MALDI-TOF-MS spectrum of Polymer 3-1. 
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Figure 3-13 1H NMR spectrum of Polymer 3-2 (CDCl3, 400 MHz). 
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Figure 3-16  1H NMR spectrum of Polymer 3-3 (CDCl3, 400 MHz). 
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Figure 3-19 1H NMR spectrum of Polymer 3-4 (CDCl3, 400 MHz). 
 
 























2000 2800 3600 4400 5200 
m / z 
6000 









 (m/z: 594.4) 
153.3 
A, n = 4 
2819.7 
A, n = 5 
3414.2 
A, n = 6 
4008.4 
B, n = 4 
2378.9 
B, n = 5 
2972.5 





Figure 3-22 1H NMR spectrum of Polymer 3-5 (CDCl3, 400 MHz). 
 
























Figure 3-25 AFM images (5 × 5 μm
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Scheme 4-1 Dehydrogenative direct alkenylation of (a) pentafluorobenzene and (b) 4-bromo-5,6-difluoro- 











反応サイクルを Scheme 4-3 に示す[2]。ポリフルオロアレーンは電子求引性の高いフッ素が多数置換する





































Scheme 4-4 Model reaction of Pd-catalyzed dehydrogenative direct alkenylation.  
 
始めに Scheme 4-5の反応条件にて OFB と過剰量の 4-Methylstyreneを反応させジカップリング体 4-1
とモノカップリング体 4-2 を単離した(Scheme 4-5)。収率はそれぞれ 4-1が 7.1%、4-2が 36%となった。
4-1および 4-2の 1H NMR(Figure 4-1a, b)からは、非常に高い trans選択性で 4-1, 4-2が生成していること
が分かった。また、19F NMRを Figure 4-2に示す。カップリング反応により、生成した化合物 4-1、4-2
のシグナルは原料のシグナルよりも高磁場側にシフトし、各シグナルが明確に分離した。このことから















































モデル反応による条件検討を行った。モデル反応の主要な結果を Table 4-1 にまとめた。収率の算出は
NMR にて行い、内部標準物質には安定性、ケミカルシフト値を考慮し 2,3,5,6-Tetrafluoro-p-xylene を用
いた。 
反応温度を 100°C、酸化剤および塩基に炭酸銀、添加剤に DMSO を用いた条件では反応時間 24 時間
の時点での 4-1と 4-2の収率がそれぞれ 4%, 32%と低く、ホモカップリング体の 4-3も 6%生成した(Entry 
1)。添加剤としてさらに PivOH を加えたところ、反応が促進され、6 時間の時点で 4-1 の収率が 72%ま
で向上した。またこの時、4-Methylstyrene はクロスカップリング反応およびホモカップリング反応によ





スルホキシド系添加剤の検討結果を Table 4-2にまとめた。これらの結果から、Table 4-1、Entry 4 および
Entry 5 の条件が重縮合反応に適切な条件であることを確認した。 
 
 
Scheme 4-6 Model reaction of Pd-catalyzed dehydrogenative direct alkenylation of OFB with 4-methylstyrene. 
 
Table 4-1 Dehydrogenative direct alkenylation of OFB with 4-methylstyrene
a 













1 DMSO (1.0) 0.25 24 4 / 32 / 6 
2 DMSO (1.0), PivOH (3.0) 0.25 6 72 / 22 / 15 
3 Thioanisole (1.0), PivOH (3.0) 0.25 6 93 / 8 / 8 
4 Thioanisole (1.0), PivOH (3.0) 0.10 24 90 / 6 / 4 
5 PFTA
d
 (1.0), PivOH (3.0) 0.10 24 91 / 5 / 7 
a
 Reactions were conducted using Pd(OAc) (10 mol%) and Ag2CO3 (3.0 equiv.) in 
DMF.
 b
 Determined by 
19
F NMR spectrum using 2,3,5,6-tetrafluoro-p-xylene as an 
internal standard. 
c
 Determined by 
1






















Table 4-1, Entry 5 の条件においてホモカップリング反応の対照実験を行った。最適条件においてモデ
ル化合物として 1,2,4,5-Tetrafluoro-3-(trifluoromethyl)benzeneのみで反応を行った。この結果ホモカップリ




Scheme 4-7 Control experiments in the absence of a coupling partner 
 
Entry Ag salts (equiv.) Additive (equiv.) 
Time 









1 AgOAc (6.0) DMSO (1.0) 24 60 / 30 / 10 
2 AgOAc (2.0), Ag2CO3 (2.0) DMSO (1.0) 24 5 / 35 / 4 
3 Ag2CO3 (3.0) DMSO (1.0), AcOH (3.0) 6 7 / 40 / 6 
4 AgOPiv (6.0) DMSO (1.0) 6 66 / 23 / 11 
5 Ag2CO3 (3.0) PivOH (3.0) 6 30 / 44 / 26 
6 Ag2CO3 (3.0) 
n
Bu2SO (1.0), PivOH (3.0) 6 73 / 17 / 15 
7 Ag2CO3 (3.0) THTO 
d
 (1.0), PivOH (3.0)
 
6 68 / 26 / 18 
8 Ag2CO3 (3.0) 
n
Bu2S (1.0), PivOH (3.0) 6 2 / 30 / 0 
a
 Determined by 
19





H NMR spectrum. 
c








ある、スチレンのホモカップリング反応の予想される反応サイクル図を Scheme 4-8bに示す。 
対照実験から、4-Methylstyrene はポリフルオロアレーンの非存在下ではホモカップリングの反応が起
こりやすいことが確認された。4-Methylstyreneのホモカップリング反応は Scheme 4-8bに示したように、
Styrene のビニル基の C-H 結合が Pd触媒により活性化されて進行していると考えられる。実際のポリフ
ルオロアレーン共存下の反応においては、ポリフルオロアレーンの C-H 結合の活性化反応(Scheme 4-8a, 










どのスルホキシド系の添加剤よりも電子豊富なため、Pd触媒の求電子性を下げ、Scheme 4-8b, IIb → IIIb
の反応を進行しにくくする。また、スルフィド系添加剤は DMSO などのスルホキシド系添加剤よりも
Pd 触媒と結合しやすいため、Scheme 4-8b, Ib→IIbにおけるオレフィンと硫黄系添加剤の交換の平衡反応
がより添加剤側に偏り、ホモカップリング反応が進行しにくくなる。この平衡反応はクロスカップリン
グ反応における Ia→IIaの過程に関与しないため、反応の選択性はクロスカップリング反応が優勢となっ
たと考えられる。しかし、Table4-2, Entry 8 で用いた n-Butylsulfideのように配位力が強すぎる場合、ク
ロスカップリグ反応における IIa→IIIaの平衡が添加剤側に偏るため、低反応効率となる。よって適度な










モデル反応によって検討した条件を用いて重縮合反応を試みた。Table 4-1、Entry 4 および Entry 5 の
条件を元に、OFB と 2,7-diethenyl- 9,9-bis(2-ethylhexyl)fluorene の重縮合反応を行った(Scheme 4-9)。この
結果、添加剤として Thioanisole を用いたもの(Scheme 4-9a)は分子量 11,700の Polymer 4-1a を収率 37%
で得た。一方で、PFTAを使用したもの(Scheme 4-9b)は分子量 16,300の Polymer 4-1b を収率 41%で得た。
1
H NMR(Figure 4-3a)および MALDI-TOF-MS(Figure 4-4)を用いて Polymer 4-1aの構造を解析したところ、
末端にチオアニソールが結合した構造が確認された。これはチオアニソールのベンゼン環上の C-H 結合
がカップリング反応を起こしたことが原因であると考えられる。また、脱スルフィドカップリング[7]に
より末端にベンゼン環が導入された構造も確認された。一方、PFTAを用いた Polymer 4-1b は添加剤の
ベンゼン環上の C-H 結合が全て C-F結合に置換されているため、C-H 結合の活性化による添加剤の末端
化は見られなかった。よって末端の副反応は脱スルフィドカップリングによってペンタフルオロベンゼ


























































Figure 4-5 MALDI-TOF-MS of Polymer 4-1b 
 
 
Polymer 4-1b の構造解析をさらに詳しく行った。1H NMR の芳香族領域の拡大図を Figure 4-6 に示す。
マイナーシグナルとしては OFB の末端およびホモカップリングによるシグナルが観測された。シグナ
ルの割合からホモカップリングによる構造の割合は 2.8%と算出された。1H NMR シグナルの結果からそ
の他の構造異性や幾何異性体、分岐構造は観測されていない。次に 19F NMR を Figure 4-7、13C NMRを







































基質適用範囲の拡張として Scheme 4-9bの条件にて OFBの代わりに Tetrafluorobenzene (TFB)を用いた
重合反応を行った。ただし TFB の沸点が 90 °C であることから、反応温度を 90 °C に下げて反応を行っ
た。この結果、反応時間 96 時間において分子量 11,200 の Polymer 4-2 を収率 41%で得た。1H NMR を
Figure 4-9、1H NMR の拡大図を 4-10、19F NMR を Figure 4-11、13C{1H} NMRを Figure 4-12に示す。また、
MALDI-TOF-MSの結果を Figure 4-13に示す。Polymer 4-2も Polymer 4-1bと同様に、TFBと 2,7-Diethenyl- 
9,9-bis(2-ethylhexyl)fluorene が位置および幾何構造選択的に連結したポリマーが得られていることが示
された。NMR のマイナーシグナルおよび MALDI-TOF-MS の結果から、TFB 末端、Pentafluorobenzene
末端が存在していることが分かった。また、2,7-Diethenyl- 9,9-bis(2-ethylhexyl)fluorene のホモカップリン
グ反応の割合は 1H NMRから 2.1%と算出された。 
 
 















































    
 


















合成したポリマーの薄膜状態の UV-vis吸収スペクトルを Figure 4-14、PLスペクトルを Figure 4-15に
示した。吸収スペクトルの吸収端からオプティカルバンドギャップは Polymer 4-1bが 2.71 eV、Polymer4-2
が 2.54 eV と算出された。Polymer 4-1は OFB をモノマーとして用いているため、主鎖のねじれが大きい
一方で TFB を用いた Polymer 4-2は主鎖のねじれが小さく、より長波長側に吸収が見られた。 
 
Figure 4-14 Absorption spectra of Polymers 4-1b and 4-2 in the thin-film state. 
 
 
























































4.6 Experimental Section 
Materials 
All reagents from commercial sources were used without further purification, unless otherwise noted. OFB and 
TFB was purchased from Tokyo Chemical Industry. Ag2CO3 and Pd(OAc)2 were purchased from Sigma-Aldrich. 



















H} NMR spectra were measured with tetramethylsilane (TMS) as an internal standard. 
19
F NMR spectra 
were measured with hexafluorobenzene as an internal standard (-158.1 ppm). Gel permeation chromatography 
(GPC) measurements were carried out on a SHIMADZU prominence GPC system equipped with polystyrene gel 
columns, using CHCl3 as an eluent after calibration with polystyrene standards. The absorption spectra were 
recorded on a JASCO V-630 spectrometer. MALDI-TOF-MS spectra were recorded on an AB SCIEX MALDI 
TOF/TOF 5800 using trans-2-[3-(4-tert-Butylphenyl)-2-methyl-2-propenylidene]malononitrile (DCTB) as matrix.  
 
Synthesis of compound 4-1, 4-2, 4-3  
A mixture of Ag2CO3 (331 mg, 1.2 mmol), Pd(OAc)2 (8.98 mg, 0.040 mmol), OFB (119 mg, 0.40 mmol), DMSO 
(28.4 μL, 0.40 mmol), and 4-methylstyrene (420 μL, 3.2 mmol) was stirred in anhydrous DMF (1.6 mL) for 12 h 
at 100 °C under nitrogen atmosphere in the dark. Then the reaction mixture was cooled to room temperature. The 
mixture was diluted with dichloromethane and filtered through a Celite plug. The products were isolated by by 
High Performance Liquid Chromatography (HPLC). (4-1) was obtained as a white solid (15 mg, 7.1%). 
1
H NMR 
(400 MHz, CDCl3): δ: 7.57 (d, J = 16.8 Hz, 2H), 7.48 (d, J = 8.0 Hz, 4H), 7.23 (d, J = 8.0 Hz, 4H), 7.09 (d, J = 
16.8 Hz, 2H), 2.40 (s, 6H). 
19
F NMR (376 MHz, 298 K, CDCl3): δ -136.1 (m, 4F), -139.1 (m, 4F). (4-2) was 
obtained as a white solid (60 mg, 36%). 
1
H NMR (400 MHz, CDCl3): δ: 7.56 (d, J = 16.7 Hz, 1H), 7.48 (d, J = 8.0 
Hz, 2H), 7.29-7.20 (m, 3H), 7.09 (d, J = 16.7 Hz, 1H), 2.40 (s, 3H). 
19
F NMR (376 MHz, 298 K, CDCl3): δ 
-134.3 (m, 2F), -134.5 (m, 2F), -136.2 (m, 2F), -139.0 (m, 2F). (4-3) was obtained as a white solid (8.3 mg, 2.2%). 
1
H NMR (400 MHz, CDCl3): δ: 7.33 (d, J = 8.0 Hz, 4H), 7.14 (d, J = 8.0 Hz, 4H), 6.92-6.88 (m, 2H), 6.64-6.60 
(m, 2H), 2.35 (s, 6H). The 
1




Synthesis of Polymer 4-1 
A mixture of Ag2CO3 (166 mg, 0.60 mmol), Pd(OAc)2 (4.49 mg, 0.020 mmol), OFB (59.6 mg, 0.20 mmol), 
PivOH (67.7 μL, 0.60 mmol), PFTA (28.0 μL, 0.20 mmol), and 2,7-diethenyl-9,9-bis(2-ethylhexyl)-9H-fluorene 
(88.5 mg, 0.20 mmol) was stirred in anhydrous DMF (2.0 mL) for 48 h at 100 °C under nitrogen atmosphere in 
the dark. After cooling to room temperature, the mixture was poured into water and extracted by CHCl3. After 
filtration, the CHCl3 solution was thoroughly washed with 5% aqueous solution of HNO3, an aqueous solution of 
ethylenediaminetetraacetic acid disodium salt (pH = 8), and distilled water. After filtration through a plug of Celite, 
the solution was concentrated and reprecipitated into methanol. The precipitates were thoroughly washed with 
methanol and acetone, and dried under reduced pressure. Polymer 4-1 was isolated as a yellow solid (60.2 mg, 
41% yield) Mn = 16,300, PDI = 2.2. 
1
H NMR (600 MHz, C2D2Cl4): δ:7.80 (d, J = 7.9 Hz, 2H), 7.73 (d, J = 16.6 
Hz, 2H), 7.64-7.61 (m, 4H), 7.20 (d, J = 16.6 Hz, 2H), 2.15 (br, 4H), 1.02-0.89 (m, 16H), 0.76 (t, J = 6.4 Hz, 6H), 




H} NMR (150 MHz, 298 K, CDCl3): δ: 151.8, 144.7 (d, J = 247 
Hz), 144.3 (d, J = 239 Hz), 142.1, 139.1, 135.3, 126.6, 122.6, 120.4, 119.0, 112.9, 104.7, 55.0, 44.4, 34.8, 33.8, 
28.1, 27.2, 22.7, 14.0, 10.4. 
19




Synthesis of Polymer 4-2 
Polymer 4-2 was synthesized from 2,7-diethenyl-9,9-bis(2-ethylhexyl)-9H-fluorene and TFB using a procedure 
similar to that for Polymer 4-1.  Polymer 4-2 was obtained as a yellow solid in 41% yield (Mn = 11,200, Mw/Mn = 
3.0).  
1
H NMR (600 MHz, C2D2Cl4): δ:7.80 (d, J = 7.9 Hz, 2H), 7.73 (d, J = 16.6 Hz, 2H), 7.64-7.61 (m, 4H), 
7.20 (d, J = 16.6 Hz, 2H), 2.15 (br, 4H), 1.02-0.89 (m, 16H), 0.76 (t, J = 6.4 Hz, 6H), 0.72-0.68 (m, 2H), 0.64 (t, J 




H} NMR(150 MHz, CDCl3): 152.1, 145.1 (d, J = 255 Hz), 142.1, 137.8, 136.0, 126.7, 
122.7, 120.6, 115.4, 113.8, 55.3, 44.8, 35.2, 34.1, 28.5, 27.5, 23.1, 14.3, 10.7. 
19
F NMR (376 MHz, CDCl3) : δ  
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手法は AA-BB 型のモノマーの重縮合反応だけでなく、AB 型のモノマーの重縮合反応にも適用できた。
合成したポリマーは BHJ-OPV の P 型材料や OLED の発光層として利用できることを確認した。今後は
より高いデバイス性能の共役高分子の合成も期待が持てる。 
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